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PHOSPHORS FOR WHITE LIGHT 
GENERATION FROM UV EMITTING 

DIODES 

This application is a continuation-in-part (CIP) of US. 
Ser. No. 09/144,134, ?led Aug. 31, 1998, noW abandoned, 
Which is hereby incorporated by reference in its entirety 
Which claims priority to provisional application U.S. Ser. 
No. 60/073,982, ?led Feb. 6, 1998, incorporated by refer 
ence in its entirety. 

FIELD OF THE INVENTION 

The invention relates to phosphors. In particular, the 
invention relates to phosphor compositions for light emitting 
diodes and laser diodes. 

BACKGROUND OF THE INVENTION 

Semiconductor light emitters are Well knoWn in the art. 
Semiconductor light emitters include light emitting diodes 
(LEDs) and semiconductor lasers. LEDs are devices of 
choice for many display applications because of advantages 
LEDs possess over other light sources. These advantages 
include a single relatively small siZe, a loW operating 
current, a naturally colored light, a loW poWer consumption, 
a long life, a maintained high ef?ciency (poWer in versus 
light output), an acceptable dispersal of light, and a rela 
tively loW cost of manufacture compared to other light 
sources. 

Applications for LEDs include the replacement of light 
sources, such as incandescent lamps, especially Where a 
colored light source is needed. LEDs are often used as 
display lights, Warning lights and indicating lights. This 
colored light source application arises from a LED emitting 
radiation that produces an inherently colored light. The color 
of light emitted by a LED is dependent on the type of 
semiconductor material relied upon and its physical charac 
teristics. The LED has not been acceptable for lighting uses 
Where a bright White light is needed, due to the inherent 
color. 
LEDs rely on its semiconductor to emit light. The light is 

emitted as a result of electronic excitation of the semicon 
ductor material. As radiation (energy) strikes atoms of the 
semiconductor material, an electron of an atom is excited 
and jumps to an excited (higher) energy state. The higher 
and loWer energy states in semiconductor light emitters are 
characteriZed as the conduction band and the valence band, 
respectively. The electron, as it returns to its un-excited 
(loWer) energy state, emits a photon. The photon corre 
sponds to an energy difference betWeen the excited state and 
loWer energy state, and results in an emission of radiation. 
The methods for exciting electrons vary for semiconductor 
light emitters, hoWever, one method is excitation by the 
Well-known method of injection electroluminescence. 

Semiconductors are generally classi?ed into three types, 
p-type, n-type and intrinsic semiconductors. Intrinsic semi 
conductors comprise either p-type or n-type semiconductors, 
and are formed by introducing impurities (dopants) of p-type 
(donor) or n-type (acceptor), respectively. In an n-type 
semiconductor, electron conduction (negative charge) 
exceeds acceptor hole (absence of electrons) concentration 
and electronic conduction is by donor electrons. In a p-type 
semiconductor, the hole concentration exceeds the electrons, 
and conduction is by acceptor holes. 

Semiconductor light emitting devices are essentially char 
acteriZed by p-type material and n-type material having a 
pn-junction there betWeen or Within p-type and n-type 
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2 
material regions. At equilibrium, no light is emitted by the 
semiconductor light emitting device. If electrons from the 
n-type material are coaxed into the conduction band over 
holes of the p-type material, electrons are excited. Electrons, 
once excited, Will relax from their excited energy level at the 
conduction band to the valence band. The relaxation results 
in radiation (photon) emission. The radiation is normally 
ultraviolet radiation With about a 370 nm Wavelength, Which 
is not visible to the human eye. Radiation to be visible light 
must possess a Wavelength Within the visible spectrum. 
Phosphors are commonly used to convert non-visible radia 
tion into visible radiation. 
The use of phosphors has been attempted for converting 

LED radiation into visible light. LEDs, Which include one or 
more phosphors for converting radiation into a “White” light 
merely produce a yelloW-Whitish light. For example, one 
yelloW-Whitish light emitting LED comprises a blue-light 
emitting LED, Which has an emission Wavelength equal to 
about 450 nm, provided With a yelloW-light emitting 
phosphor, such as for example Y3Al5O12—Ce3+, (YAG-Ce). 
The yelloW-light emitting phosphor absorbs radiation emit 
ted from the LED, and converts the absorbed radiation to a 
yelloW-Whitish light. The yelloW-Whitish light of the above 
example is produced With a relatively loW ef?ciency (energy 
in versus energy out), for example only in a range betWeen 
about 60% to about 80%. The yelloW-Whitish light, While 
suitable for limited applications, fails in applications Where 
a true bright White light of high intensity and brightness is 
desired. 

Color temperature is a standard used to compare the color 
of various light, for example ?uorescent, incandescent, and 
other light types. Color temperature is related to a tempera 
ture of a black body that Would give an equivalent tone of 
White light. In general, a loWer color temperature is indica 
tive of a redder tone of the White light. Conversely, a higher 
color temperature is indicative of a bluer tone of White light. 
There is no individual speci?c lamp component having a 
temperature equal to or determinative of the color tempera 
ture. For the yelloW-Whitish light described above, the color 
temperature falls in a range betWeen about 6000 Kelvin to 
about 8000 Kelvin, With a resultant a color rendering index 
(CRI) less than about 85. The lumens per Watt (LPW) of the 
above-described LED are in a range of about 5 LPW to about 
10 LPW. 
LED radiation at about 5 LPW to about 10 LPW With a 

CRI less than about 85 is not acceptable for lighting appli 
cations. Most lighting applications require a LPW that is at 
least 15 LPW, With a CRI maintained at or above 85, to 
increase the light source ef?ciency. Further, knoWn LED 
light sources do not provide a single LED With a suf?cient 
LPW and CR1 for most generaliZed lighting applications, 
especially for White light. 

Blue and green light emitting LEDs have been dif?cult to 
develop, even though acceptable yelloW and red light emit 
ting LEDs are Well-known. Green and blue light emitting 
LEDs are limited because they possess several undesirable 
shortcomings. These green and blue LEDs possess a loW 
intensity, brightness, and poWer, so their lights are not sharp 
and bright, nor are they high-quality (possessing Wave 
lengths at or near the mid-point of the Wavelength range for 
a particular color). Further, their emitted lights are not tuned 
at Wavelengths to be combined With other light sources, such 
as red, to provide a bright White light. Accordingly, LED 
usage is severely limited, and not usable in place of compact 
?uorescent lamps, emergency lights, exit signs and the like. 

Therefore, a single source LED that produces a bright 
White light is needed. Also, a blue-light emitting LED and a 
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green-light emitting phosphors are needed for phosphor 
conversion material blends to produce a bright White light. 

SUMMARY OF THE INVENTION 

Accordingly, the invention provides a LED that over 
comes the above-noted de?ciencies. The invention also 
provides phosphors that produce light, that When combined 
With other lights, produce a bright White light. 

In accordance With one embodiment of the invention, 
Ca8Mg(SiO4)4Cl2:Eu2",Mn2+ absorbs ultraviolet radiation 
from a light emitting diode and converts the radiation into 
visible light. 

In a further embodiment of the invention a phosphor, 
Y2O3:Eu3",Bi3+ absorbs ultraviolet radiation from a light 
emitting diode and converts the radiation into visible light. 

Yet another embodiment of the invention is a phosphor 
conversion material blend comprising green, red and blue 
phosphors that absorb ultraviolet radiation from a light 
emitting diode, and convert the radiation into visible bright 
White light. The green phosphor comprises 
Ca8Mg(SiO4)4Cl2:Eu2+,Mn2+, the red phosphor comprises 
Y2O3:Eu3+,Bi3+, and blue phosphor comprises knoWn blue 
phosphors, such as (Sr,Ba,Ca)5(PO4)3Cl:Eu2+ and 
BaMg2Al16O27:Eu2+. 

Furthermore, another embodiment of the invention pro 
vides a LED including a phosphor comprising 
Ca8Mg(SiO4)4Cl2:Eu2",Mn2+ capable of absorbing ultravio 
let radiation and converting the radiation into a green visible 
light. 

In a yet further embodiment of the invention, a LED 
includes a phosphor comprising (Sr,Ba,Ca)5(PO4)3Cl:Eu2+ 
and BaMgzAll?OnzEu2+ capable of absorbing ultraviolet 
radiation and converting the radiation into blue visible light. 

In a still further embodiment of the invention, a LED 
includes a phosphor comprising Y2O3:Eu3",Bi3+ capable of 
absorbing ultraviolet radiation and converting the radiation 
into red visible light. 

Another embodiment of the invention provides a LED 
With a phosphor conversion material blend that comprises 
Ca8Mg(SiO4)4Cl2:Eu2+,MN2+, Y2O3:Eu3+,Bi3+, and (Sr,Ba, 
Ca)5(PO4)3Cl:Eu2+ and BaMg2Al16O27:Eu2+ to absorb 
ultraviolet radiation from a light emitting diode and convert 
the radiation into visible bright-White light. 

According to another embodiment of the invention, a 
lamp is provided Which comprises a laser diode Which emits 
radiation, a transmissive body ?xed to the laser diode 
through Which radiation from the laser diode propagates, 
and at least one phosphor ?xed With respect to the trans 
missive body Which converts the radiation to radiation of a 
different Wavelength. The transmissive body may comprise 
a glass or plastic material Which encapsulates the laser 
diode, Wherein the phosphor is formed on a surface of the 
transmissive body. The lamp may further comprise a plu 
rality of scattering particles dispersed Within the transmis 
sive body to scatter the radiation emitted from the laser 
diode. 

The invention also relates to a method of producing light 
comprising the steps of generating radiation With a semi 
conductor laser diode, and converting at least a portion of 
the radiation to a different Wavelength With at least one 
phosphor. 

These and other aspects, advantages and salient features 
of the invention Will become apparent from the folloWing 
detailed description, Which, When taken in conjunction With 
the annexed draWings, Where like reference characters indi 
cate the elements, disclose embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph of intensity versus Wavelength for the 
absorption of light by a red phosphor; 

FIG. 2 is a graph of intensity versus Wavelength for the 
emission of light by a red phosphor; 

FIG. 3 is a graph of intensity versus Wavelength for the 
absorption of light by a green phosphor; 

FIG. 4 illustrates an example of an light emitting assem 
bly; 

FIG. 5 illustrates a lamp according to an exemplary 
embodiment of the invention; 

FIG. 6 illustrates a lamp Which includes a laser diode 
according to another embodiment of the invention; and 

FIG. 7 illustrates a lamp Which includes a laser diode 
according to another embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Phosphors convert radiation (energy) to visible light. 
Different combinations of phosphors provide different col 
ored light emissions. The colored light that originates from 
the phosphors provides a color temperature. 
A ?uorescent lamp conversion phosphor material blend 

(material blend) converts generated radiation to visible light. 
A blend material is used regardless of the desired intensity 
and “color” of the desired ?uorescent light. The ?uorescent 
light color is dependent on the particular components of the 
material blend. The material blend may include more of one 
basic color emitting phosphors, for example a particular mix 
With more of one of red, green and blue phosphors to emit 
a desired color (tint) of light. 

Fluorescent lamp material blends absorb radiation With a 
Wavelength at about 254 nm (ultraviolet). The radiation is 
produced by exciting photons, normally generated by mer 
cury plasma, as is knoWn in ?uorescent lamps. Thus, the 
?uorescent light is produced by the material blend absorbing 
radiation and subsequently emitting visible light. The knoWn 
?uorescent lamp material blends do not successfully convert 
radiation from other sources into useful visible light. The 
failure is due, at least in part, to the material blend being 
speci?cally developed to convert radiation at about 254 nm 
to visible light. These knoWn material blends do not contain 
appropriate materials to efficiently absorb radiations With a 
Wavelength other than about 254 nm. 
LEDs do not emit radiation in a Wavelength that can be 

converted into visible light by knoWn ?uorescent material 
blends. For example, some LEDs emit radiation generally in 
a Wavelength of about 370 nm. Energy at this Wavelength 
Will not be converted by knoWn material blends into useful 
visible light. 

It Was determined that a LED that produces a bright-White 
light Would be useful to give desirable qualities of LEDs as 
light sources. Therefore, in one embodiment of the 
invention, phosphors for a luminescent material phosphor 
conversion material blend (phosphor conversion material 
blend) are provided to convert radiation from a LED into 
visible light. Further, it Was determined that phosphors that 
convert LED radiation and emit a high-quality colored light 
(light With a Wavelength approximately at a center of a 
Wavelength range for a particular color) are useful. The 
individual phosphors and a phosphor conversion material 
blend including the individual phosphors convert radiation 
at a speci?ed Wavelength, for example radiation at about 370 
nm as emitted by a LED, into visible light. The visible light 
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When provided by phosphor conversion material blend com 
prises a bright White light With high intensity and brightness. 

In the folloWing discussion, the Wavelength of the radia 
tion of the radiation source, such as a LED, is described at 
about 370 nm. This is merely exemplary of the Wavelengths 
from a LED radiation source. For example, a LED radiation 
Within the scope of the invention is in a range betWeen about 
330 nm to about 420 nm, such as in a range betWeen about 
350 nm to about 400 nm. Also, a LED radiation, Within the 
scope of the invention, is in a range betWeen about 365 nm 
to about 375 nm, for example at about 370 nm. Also, the 
radiation source is described as an LED, hoWever, this is 
merely exemplary and not meant to limit the invention in 
any Way. Other semiconductor radiation sources emitting 
similar radiations, such as, but not limited to, semiconductor 
lasers, are Within the scope of the invention. 

Phosphor conversion material blends for LEDs comprise 
rare earth-activated phosphors. These rare earth-activated 
phosphors convert LED radiation at about 370 nm to visible 
light. KnoWn phosphors are poor absorbers of 370 nm 
radiation. The poor absorption is overcome by incorporating 
suitable sensitiZers (activators) into the phosphors. The 
sensitiZers comprise ions that are incorporated into the 
phosphors, absorb radiation at about 370 nm radiation, and 
then transfer the absorbed radiation to emitting ions. After 
the absorbed and transferred radiation reaches ions, the 
radiation is converted and radiated as visible light. 

One phosphor conversion material blend for a LED, as 
embodied by the invention, comprises Y2O3:Eu3+,Bi3+, as a 
red-light emitting component; Ca8Mg(SiO4)4Cl2:Eu2",Mn2+ 
as a green light emitting component; in combination With a 
blue-light emitting phosphor, for example at least one of 
SECA ((Sr,Ba,Ca)5(PO4)3Cl:Eu2+) and BAM 
(BaMg2Al16O27:Eu2+) phosphors. These three phosphors in 
a phosphor conversion material blend generate bright White 
light With high intensity and brightness from LED radiation. 
A phosphor conversion material blend, in accordance With 
an exemplary composition of an embodiment of the 
invention, comprises red phosphors provided in a range 
betWeen about 40% to about 80%, green phosphors provided 
in a range betWeen about 20% to about 50%, and blue 
phosphors provided in a range betWeen about 5% and about 
25%, all Weight percent. The amount of each respective 
phosphor is dependent on the desired color temperature of 
the light. 
SECA and BAM phosphors are knoWn in the art and 

described in US. Pat. Nos. 4,786,841 to Fohl et al. and 
4,075,532 to Piper et al., respectively. Accordingly, a further 
description of these Well-known phosphors is omitted. 

Y2O3:Eu3",Bi3+ phosphor, as embodied by the invention, 
emits red light. Non-sensitized Y2O3:Eu3+ is a knoWn ?uo 
rescent lamp phosphor and exhibits a near unity quantum 
efficiency (a ratio of a number of photons emitted over a 
number of photons absorbed) for radiation at about 254 nm. 
HoWever, since this red-light emitting ?uorescent phosphor 
does not satisfactorily absorb LED radiation at about 370 
nm, it does not convert LED radiation to visible light. 

Therefore, Bi3+ is added to Y2O3:Eu3+ phosphor as a 
sensitiZer. This sensitiZer provides for the absorption of the 
370 nm radiation. Also, the Bi3+ sensitiZer enhances transfer 
of incident excitation radiation and generates an efficient 
red-light emission Well Within the red light spectrum. 

FIG. 1 illustrates a graph of absorption of radiation by 
Y2O3:Eu3+,Bi3+. The solid curve in FIG. 1 illustrates 
absorption of radiation by Y2O3:Eu3+,Bi3+. The continued 
dashed curve illustrates absorption of Y2O3:Eu3+ Without a 
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6 
Bi3+ sensitiZer. As illustrated, Y2O3:Eu3+ does not absorb 
radiation With a Wavelength of about 370 nm. The curve at 
area 2 illustrates absorption of LED 370 nm radiation by 
Y2O3:Eu3+, Bi3+. As illustrated, the Bi3+ sensitiZer provides 
an absorption peak at Wavelengths including 370 nm, as 
emitted by a LED. 

FIG. 2 illustrates a graph of the emission of Y2O3:Eu3+, 
Bi3+. The emission of Y2O3:Eu 3",Bi3+ provides a Wave 
length peak corresponding to high-quality red light. 
Accordingly, the Y2O3:Eu3",Bi3+ adequately and satisfacto 
rily absorbs LED ultraviolet radiation at about 370 nm and 
converts at into high quality red visible light. 
A knoWn green-light emitting ?uorescent phosphor com 

prises Ca8Mg(SiO4)4Cl2:Eu2+. Ca8Mg(SiO4)4Cl2:Eu2+ does 
not produce a high-quality green light. The 
Ca8Mg(SiO4)4Cl2:Eu2+ emits a greenish-tinted light With a 
Wavelength at about 500 nm to about 505 nm, Which is on 
a loW side of a green light spectrum. While this greenish 
tinted light is acceptable for some applications, visible light 
in this range is inadequate for true green light applications. 
Also, the greenish-tinted light cannot be combined With 
other produced light to produce a bright White light With 
high intensity and brightness. 

FIG. 3 is an illustration of a graph of absorption and 
emission by Ca8Mg(SiO4)4Cl2:Eu2+,Mn2+. The solid curve 
in FIG. 3 indicates absorption by Ca8Mg(SiO4)4Cl2:Eu2+, 
Mn2+. The dashed curve in FIG. 3 (toWard the right side) 
indicates emission by Ca8Mg(SiO4)4Cl2:Eu2+,Mn2+, Where 
the emission includes 540 nm, and exhibits a clear high 
quality green light. 

FIG. 4 illustrates an exemplary light emitting assembly 1, 
in accordance With one embodiment of the invention. The 
light emitting assembly 1 comprises a semiconductor ultra 
violet radiation source, such as a phosphor conversion LED 
10, and a phosphor conversion material blend 12. The 
phosphor conversion material blend 12 is radiationally 
coupled to the LED 10 to receive radiation from the LED 10. 
Radiationally coupled means that the elements are associ 
ated With each other so radiation from one is transmitted to 
the other. The phosphor conversion material blend 12 is 
deposited on the LED 10 by any appropriate method, such 
as, but not limited to, applying the red, green, and blue 
phosphors together. For example, a Water based suspension 
of the three phosphors can be formed, and applied to a LED 
surface. This method is merely exemplary of possible posi 
tionings of the phosphor conversion material blend 12 and 
LED 10. Alternatively, the phosphor conversion material 
blend 12 can be placed on a cover, lens or other optical 
feature associated With the LED 10 to absorb and convert 
energy as long as the phosphor conversion material blend 12 
is radiationally coupled to the LED 10. 
The phosphor conversion material blend 12 comprises 

separate blue, green, and red phosphors. The separate phos 
phors are provide in ranges to provide a bright White light 
With high intensity and brightness. For example, one phos 
phor conversion material blend 12, as embodied by the 
invention, comprises Y2O3:Eu3+,Bi3+, as a red-light emitting 
component; Ca8Mg(SiO4)4Cl2:Euz’dw”2+ as a green light 
emitting component; and a blue-light emitting phosphor. 
The blue-light emitting phosphor comprises at least one 
phosphor selected from one of SECA 
(Sr,Ba,Ca)5(PO4)3Cl:Eu2+ and BAM (BaMg2Al16O27:Eu2+) 
phosphors. 

Visible-light obtained from a single LED comprising the 
above-disclosed phosphor conversion material blend, pro 
vides a bright White light. For example, the resultant bright 
White light With high intensity and brightness possess a color 



US 6,294,800 B1 
7 

temperature at about 4100K and a CRI of about 85. With a 
LED efficiency of about 12%, the LED Will produce about 
20 LPW. Further, With a color temperature at about 5000K, 
a CRI of at least about 86 is obtained With about a 20 LPW. 
Therefore, a single LED With a phosphor conversion mate 
rial blend, as embodied by the invention, provides a superior 
LPW, for example at least about 20 LPW and preferably at 
least about 25 LPW, With a CRI of at least 84 or greater. 

FIG. 5 illustrates a lamp according to another embodi 
ment of the invention. As shoWn in FIG. 5, the lamp 100 
includes a light source 110, a transmissive body 130, and a 
luminescent material 150 Which typically comprises at least 
one phosphor. The light source 110 may be a laser diode, for 
example, Which includes positive and negative contacts 112, 
114, respectively. The positive and negative contacts supply 
electric current to the light source 110 via leads 116, 118. 
The light source 110, the contacts 112, 114, and a portion of 
the leads 116, 118 are encapsulated in the transmissive body 
130, Which may comprise a material such as plastic, glass, 
or silicone Which is transmissive to radiation in the visible 
and UV Wavelengths. The transmissive body 130 is prefer 
ably chemically stable in the presence of UV radiation. 

The light source 110 preferably emits light in the UV 
Wavelengths, for example light having a Wavelength of 
350—450 nanometers (nm), typically in a range of 350—400 
nm, for example 370 nm. Examples of laser diodes Which 
emit UV or blue radiation are described, for example, in US. 
Pat. Nos. 5,604,763 and 5,644,584. Laser diodes and LEDs 
Which emit UV and blue radiation are also described in Shuji 
Nakamura and Gerhard Fasol, “The Blue Laser Diode” 

(1997). 
Typically, With a UV laser diode as the light source 110, 

a combination of three phosphors, red, green, and blue is 
employed. An example of a suitable phosphor Which absorbs 
UV radiation and emits red light is: Y2O3:Eu3+,Bi3+. 
Examples of phosphors Which absorb UV radiation and emit 
green light include: Ca8Mg(SiO4)4Cl2:Eu2+,Mn 2; 
Ba2SiO4:Eu2+; Ba2(Mg,Zn)Si2O7:E2+; and (Ba,Sr) 
A120 4:Euz". Phosphors Which absorb UV radiation and emit 
blue light include: (Ba,Sr,Ca)5(PO4)3Cl:Eu2+; 
BaMg2Al16O27:Eu2+ and BaMgAl10O17:Eu2+. 

The phosphors are typically in the form of a poWder. A 
mixture of red, green and blue emitting phosphors is pre 
pared and applied to the outside of the transmissive body 
130, for example With a Water-based suspension of the 
phosphors. After removal of the liquid component of the 
suspension, a protective transparent outer layer such as 
silicone may be applied over the phosphor layer. The phos 
phor layer may have a thickness of about 16—30 microns, for 
example. 

The relative proportion of red, green, and blue emitting 
phosphors is typically about 50—70 Weight percent red, 
25—40 Weight percent green, and 5—20 Weight percent blue. 

FIG. 6 illustrates a lamp according to another embodi 
ment of the invention. As shoWn in FIG. 6, the lamp 200 
includes a laser diode 210, a transmissive body 230, and a 
luminescent material 250. The laser diode includes positive 
and negative contacts 212, 214, respectively, Which supply 
electric current to the laser diode 210 via leads 216, 218. The 
laser diode 210, the contacts 212, 214, and a portion of the 
leads 216, 218 are encapsulated in the transmissive body 
230, Which may comprise a plastic, glass or silicone material 
Which is transmissive in the visible and UV Wavelengths. 

The lamp 200 also includes a plurality of scattering 
particles 260 Which are embedded in the transmissive body 
230. The scattering particles may comprise A1203 particles 
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8 
such as CR30 alumina poWder available from BaikoWski. 
The scattering particles may also comprise TiO2 particles, 
for example. The particles 260 effectively scatter the coher 
ent light emitted from the laser diode 210, preferably With a 
negligible amount of absorption. The coupling of the diffuse 
scattered laser light With the luminescent material is advan 
tageous in reducing optical saturation effects and physical 
damage of the luminescent material. 
A luminescent material 250 such as a phosphor is typi 

cally formed on an outside surface of the transmissive body 
230. The luminescent material 250 may cover substantially 
all of the outside surface of the transmissive body 230. The 
luminescent material 250 may comprise at least one 
phosphor, as disclosed above, Which absorbs UV radiation 
and emits red, green, or blue light. The combination of red, 
green and blue light produces White light. 

FIG. 7 illustrates a laser diode lamp according to another 
embodiment of the invention. As shoWn in FIG. 3, the lamp 
300 includes a laser diode 310 and a transmissive body 330. 
The laser diode 310 includes positive and negative contacts 
312, 314, respectively, Which supply electric current to the 
laser diode 310 via leads 316, 318. The laser diode 310, the 
contacts 312, 314, and a portion of the leads 316, 318 are 
encapsulated in the transmissive body 330, Which may 
comprise a plastic, glass, or silicone material Which is 
transmissive in the visible and UV Wavelengths. 
The lamp 300 also includes both luminescent particles 

350 and scattering particles 360. The luminescent particles 
350 may comprise one or more poWdered phosphor 
materials, as described above, Which absorb the UV light 
emitted from the laser diode 310 and emit light of a longer 
Wavelength, e.g. red, green, and/or blue. The scattering 
particles 360 may comprise TiO2 or A1203 poWder, for 
example. 
The embodiments shoWn in FIGS. 5—7 Which include a 

laser diode typically have a large efficacy and operate at a 
high optical poWer. The laser diode has a high efficacy and 
optical poWer because it relies on stimulated rather than 
spontaneous emission, Which reduces absorption losses. In 
addition, since most of the light is emitted normal to the 
surface of a laser diode, internal re?ection losses are 
reduced. 

Other embodiments of the invention Will be apparent to 
those skilled in the art from a consideration of this speci? 
cation or practice of the invention disclosed herein. It is 
intended that the speci?cation and examples be considered 
as exemplary only, With the scope and spirit of the invention 
being de?ned by the folloWing claims. 
What is claimed is: 
1. A composition of matter 

Ca8Mg(SiO4)4Cl2:Eu2+,Mn2+. 
2. The composition of matter according to claim 1 further 

comprising: 
at least one red light emitting phosphor and 
at least one blue light emitting phosphor; 
the composition of matter capable of converting a radia 

tion to visible light, the radiation having a Wavelength 
in a range from ultraviolet to blue. 

3. The composition of matter according to claim 2 
Wherein said Wavelength is in a range from about 330 nm to 
about 420 nm. 

4. The composition of matter according to claim 2 
Wherein said Wavelength is in a range from about 350 nm to 
about 400 nm. 

5. The composition of matter according to claim 2 
Wherein said Wavelength is in a range from about 355 nm to 
about 365 nm. 

comprising 



US 6,294,800 B1 

6. Aphosphor conversion material blend composition that 
is capable of converting ultraviolet radiation to visible light, 
the phosphor conversion material blend composition com 
prising: 

at least one red light emitting phosphor; 
at least one green light emitting phosphor; and 
at least one blue light emitting phosphor; 

Wherein the green light emitting phosphor comprises Ca8Mg 
(SiO4)4Cl2:Eu2+,Mn2+; the red light emitting phosphor com 
prises Y2O3:Eu3+,Bi3+; and the blue light emitting phosphor 
comprises at least one material selected from the group 
consisting of (Sr,Ba,Ca)5(PO4)3Cl:Eu2+ and 
BaMg2Al16O27:Eu2+. 

7. Aphosphor conversion material blend composition that 
is capable of converting ultraviolet radiation to visible light, 
the phosphor conversion material blend composition com 
prising: 

at least one red light emitting phosphor; 
at least one green light emitting phosphor; and 
at least one blue light emitting phosphor, 

Wherein the green light emitting phosphor comprises Ca8Mg 
(SiO4)4Cl2:Eu2+,Mn2+; the red light emitting phosphor com 
prises Y2O3:Eu3+,Bi3+, and the blue light emitting phosphor 
comprises at least one material selected from the group 
consisting of (Sr,B a,Ca)5(PO4)Cl:Eu2+ and 
BaMg2Al16O27:Eu2+, and 
Wherein the Y2O3:Eu3",Bi3+ is provided in a range betWeen 
about 40% to about 80% by Weight; 

the Ca8Mg(SiO4)4Cl2:Eu2",Mn2+ is provided in a range 
betWeen about 20% to about 50% by Weight; and 

the at least one material selected from the group consist 

ing of (Sr,Ba,Ca)5(PO4)3Cl:Eu2+ and 
BaMg2Al16O27:Eu2+ is provided in a range betWeen 
5% and about 25% by Weight. 

8. A light emitting diode comprising: 
a semiconductor ultraviolet radiation source; and 

a phosphor comprising Ca8Mg(SiO4)4Cl2:Eu2",Mn2+ 
radiationally coupled to the semiconductor ultraviolet 
radiation source; 

Wherein the Ca8Mg(SiO4)4Cl2:Eu2",Mn2+ is capable of 
absorbing ultraviolet radiation emitted by the semicon 
ductor ultraviolet radiation source and converting the 
ultraviolet radiation into a green visible light. 

9. The light emitting diode according to claim 8 further 
comprising 

a phosphor comprising Y2O3:Eu3",Bi3+ radiationally 
coupled to the semiconductor to the semiconductor 
ultraviolet radiation source; 

Wherein the Y2O3:Eu3",Bi3+ is capable of absorbing ultra 
violet radiation emitted by the semiconductor ultravio 
let radiation source and converting the ultraviolet radia 
tion into a red visible light. 

10. The light emitting diode according to claim 8 further 
comprising 

a phosphor comprising at least one material selected from 
the group consisting of (Sr,Ba,Ca)5(PO4)3Cl:Eu2+ and 
BaMg2Al16O27:Eu2+ radiationally coupled to the semi 
conductor to the semiconductor ultraviolet radiation 
source; 

Wherein the at least one material selected from the group 
consisting of (Sr,Ba,Ca)5(PO4)3Cl: Eu2+ and 
BaMg2Al16O27:Eu2+ is capable of absorbing ultraviolet 
radiation emitted by the semiconductor ultraviolet 
radiation source and converting the ultraviolet radiation 
into a blue visible light. 
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10 
11. The light emitting diode according to claim 8 further 

comprising 
a phosphor conversion material blend composition com 

prising: 
a phosphor Which is capable of absorbing ultraviolet 

radiation emitted by the semiconductor ultraviolet 
radiation source and converting the ultraviolet radiation 
into a red visible light; and 

a phosphor Which is capable of absorbing ultraviolet 
radiation emitted by the semiconductor ultraviolet 
radiation source and converting the ultraviolet radiation 
into a blue visible light. 

12. The light emitting diode according to claim 11 
Wherein the phosphor Which is capable of absorbing ultra 
violet radiation emitted by the semiconductor ultraviolet 
radiation source and converting the ultraviolet radiation into 
a red visible light comprises Y2O3:Eu3+,Bi3+. 

13. The light emitting diode according to claim 11 
Wherein the phosphor Which is capable of absorbing ultra 
violet radiation emitted by the semiconductor ultraviolet 
radiation source and converting the ultraviolet radiation into 
a blue visible light comprises at least one material selected 
from the group consisting of (Sr,Ba,Ca)5(PO4)3Cl:Eu2+ and 
BaMg2Al16O27:Eu2+. 

14. The light emitting diode according to claim 11 
Wherein the phosphor conversion material blend composi 
tion absorbs ultraviolet radiation emitted by the semicon 
ductor ultraviolet radiation source and converts the ultra 
violet radiation into White visible light to provide a light 
source having a light output of at least 20 lumens per Watt. 

15. The light emitting diode according to claim 11 
Wherein the phosphor conversion material blend composi 
tion absorbs ultraviolet radiation emitted by the semicon 
ductor ultraviolet radiation source and converts the ultra 
violet radiation into White visible light to provide a light 
source having a color rendering indeX of at least 84. 

16. A light emitting diode comprising: 
a semiconductor ultraviolet radiation source; and 

a phosphor conversion material blend composition, 
Wherein the phosphor conversion material composition 
absorbs ultraviolet radiation emitted by the semicon 
ductor ultraviolet radiation source and converts the 
ultraviolet radiation into White visible light, and 
Wherein the composition comprises: 

Ca8Mg(SiO4)4Cl2:Eu2",Mn2+ radiationally coupled to the 
semiconductor ultraviolet radiation source; 

Y2O3:Eu3",Bi3+ radiationally coupled to the semiconduc 
tor ultraviolet radiation source; and 

at least one of (Sr,Ba,Ca)5(PO4)3Cl:Eu2+ and 
BaMg2Al16O27:Eu2+ radiationally coupled to the semi 
conductor ultraviolet radiation source; Wherein the 
composition is capable of absorbing ultraviolet source 
and converting the ultraviolet radiation into visible 
light. 

17. A light emitting diode comprising: 
a semiconductor ultraviolet radiation source; and 
a phosphor conversion material blend composition, 

Wherein the phosphor conversion material composition 
absorbs ultraviolet radiation emitted by the semicon 
ductor ultraviolet radiation source and converts the 
ultraviolet radiation into White visible light, and 
Wherein the composition comprises: 

Ca8Mg(SiO4)4Cl2:Eu2",Mn2+ radiationally coupled to the 
semiconductor ultraviolet radiation source; 

Y2O3:Eu3",Bi3+ radiationally coupled to the semiconduc 
tor ultraviolet radiation source; and 
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at least one of (Sr,Ba,Ca)5(PO4)3Cl:Eu2+ and 
BaMg2Al16O27:Eu2+ radiationally coupled to the semi 
conductor ultraviolet radiation source; Wherein the 
composition is capable of absorbing ultraviolet source 
and converting the ultraviolet radiation into visible 
light; 

and Wherein the Y2O3:Eu3+, Bi3+ is provided in a range 
betWeen about 40% to about 80% by Weight; 

the Ca8Mg(SiO4)4Cl:Eu2",Mn2+ is provided in a range 
betWeen about 20% to about 50% by Weight; and 

the at least one of (Sr,Ba,Ca)5(PO4)3C1:Eu2+ and 
BaMg2Al16O27:Eu2+ is provided in a range betWeen 
about 5% to about 25% by Weight. 

18. A light source comprising: 
a semiconductor radiation source which emits radiation; 

a transrnissive body Which contains a plurality of scatter 
ing particles, Which scatter the radiation, forrned adja 
cent to the semiconductor radiation source through 
Which the radiation from the semiconductor radiation 
source propagates; 

at least one lurninescent material formed adjacent to the 
transrnissive body, the at least one lurninescent rnaterial 
converting the radiation emitted from the serniconduc 
tor radiation source to radiation of a different Wave 

length. 
19. The light source of claim 18, Wherein the sernicon 

ductor radiation source comprises a laser diode which emits 
radiation having a Wavelength in the range of about 350—400 
nrn. 

20. The light source of claim 19, Wherein the plurality of 
scattering particles are dispersed Within the transrnissive 
body to scatter the radiation emitted from the laser diode to 
reduce optical saturation effects and physical damage of the 
luminescent material. 

21. The light source of claim 20, Wherein the scattering 
particles comprise at least one of TiO2 and A1203. 

22. The light source of claim 19, Wherein the at least one 
phosphor comprises: 
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23. The light source of claim 19, Wherein the transrnissive 
body comprises at least one of a glass material, a plastic 
material, and a silicone material which encapsulates the laser 
diode. 

24. The light source of claim 20, Wherein the at least one 
lurninescent material comprises at least one phosphor 
formed on a surface of the transrnissive body. 

25. The light source of claim 20, Wherein the at least one 

phosphor cornprises Y2O3:Eu3+,Bi3+. 
26. The light source of claim 20, Wherein the at least one 

phosphor cornprises Ca8Mg(SiO4)4Cl2:Eu2+,Mn2+. 
27. The light source of claim 20, Wherein the at least one 

phosphor cornprises Ba2SiO4:Eu2+. 
28. The light source of claim 20, Wherein the at least one 

phosphor cornprises (Ba,Sr)Al2O4:Eu2+. 
29. The light source of claim 20, Wherein the at least one 

phosphor cornprises (Ba,Sr,Ca)5(PO4)3Cl:Eu2+. 
30. The light source of claim 20, Wherein the at least one 

phosphor cornprises BaMgAl1OO17:Eu2+. 
31. The light source of claim 20, Wherein the at least one 

phosphor cornprises BaMg2Al16O27:Eu2+. 
32. A method of producing light comprising the steps of: 
generating radiation having a Wavelength in a range of 

about 350—400 nrn With a laser diode; 

scattering the radiation With a plurality of scattering 
particles disposed around the laser diode; and 

converting at least a portion of the scattered radiation to 
a different Wavelength With at least one phosphor. 

33. The method of claim 32, Wherein the scattered radia 
tion is converted to White light. 

* * * * * 


